Abstract. Q fever in French Guiana is correlated with the rainy season. We found a 1-to 2-month lagged correlation between Q fever incidence and the number of births of three-toed sloth. This result strengthens the hypothesis that the three-toed sloth is the wild reservoir of Q fever in French Guiana.
Coxiella burnetii, the agent of Q fever, is an emerging pathogen in French Guiana. It is currently responsible for 24% community-acquired pneumonia in this region. 1 The epidemiology of the infection is quite unusual because most of the cases have been described in areas where no classical reservoir is found, 2 leading to the hypothesis that a wild reservoir exists. 3 C. burnetii is present in high concentrations in the birth products of its usual reservoirs. For this reason, in the south of France, Tissot-Dupont and others found a correlation between Q fever incidence and the mistral wind 1 month before, shortly after the onset of the main lambing season. 4 We recently detected C. burnetii by quantitative polymerase chain reaction (qPCR) in spleen samples, feces, and ticks from a dead three-toed sloth found next to a Q fever patient residence in Cayenne, French Guiana. 5 This result suggests that this animal could be the reservoir of Q fever in French Guiana. The seasonality of Q fever cases in Cayenne has been studied by Gardon and others, 3 and they observed a lag of 1-3 months between the monthly rainfall and Q fever incidence between 1996 and 2000. In addition, the reproductive behavior of the three-toed sloth (Bradypus tridactylus) 6 has been described by Taube and others who have shown that their whelping period took place during the rainy season. The aim of this study was to investigate whether the seasonality of Q fever described at the beginning of the epidemics was still present in Cayenne in recent years and whether this seasonality was correlated to the number of births of the threetoed sloth during the rainy season.
Climate data (relative humidity, rainfall, temperature, and wind) in Cayenne between 2008 and 2012 measured at three meteorological stations was collected from the official website of Meteo France. Details of all Q fever cases diagnosed during the same period in the infectious disease ward of Cayenne were retrospectively collected. The presumed dates and number of births of three-toed sloths per months between 1994 and 1995 were collected from the study by Taube and others. Correlations between meteorological data and Q fever incidence were analyzed by Almon distributed lag analysis using STATISTICA software (Statsoft Inc., Tulsa, OK). The best coefficient of correlation and the best fit were sought while varying the length of the time lag. For correlations between the number of three-toed sloth births per month for 1 year and Q fever incidence, we pooled data from all 4 years to obtain Q fever incidence by month and carried out time-series analysis 7 (cross-correlations) using the R software (R Foundation for Statistical Computing, Vienna, Austria).
A total of 113 acute Q fever cases were reported in Cayenne between 2008 and 2012 ( Figure 1 ) with a mean incidence of 22/ 100,000 inhabitants during this period. An increase in the incidence of Q fever from 5/100,000 in 2008 to 26/100,000 in 2012 was observed with a peak in 2010 (41/100,000) and specifically in July 2010 ( Figure 1 ). When data from all years were pooled, we observed the highest incidence in January (18 cases) and July (18 cases) and a very low incidence during the month of October (3 cases), which is the end of the dry season. Almon distributed lag analysis showed a statistically significant positive correlation between Q fever incidence and rainfall (R 2 = 0.58; t = 2.6; P = 0.01) and between Q fever incidence and relative humidity (R 2 = 0.72; t = 2.6; P = 0.04) for a lag of 2 months. No correlation was observed between Q fever incidence and wind speed or Q fever incidence and temperature.
Taube and others had reported 66 presumed births of three-toed sloths in 1 year. Only one birth was observed between September and January. The number of births peaked at 18 (27%) in May and then decreased gradually to a stop in August. When the data from 5 years were pooled, we found a positive and statistically significant correlation between the number of three-toed sloths births per month and Q fever incidence per month for the observed lag of 1 and 2 months (Figure 2 ) with a correlation coefficient of 0.68 (P = 0.013) and 0.69 (P = 0.013), respectively.
Our work confirms that Q fever incidence in French Guiana exhibits seasonal variations that are correlated with the amount of monthly rainfall. High incidence is observed in July, 2 months following the peak in rainfall in May and January, following the increase in rainfall in November after the dry season (August-October). This 2 months lagged correlation is also observed with relative humidity. More interestingly, we observed a significant correlation between the 1 and 2 months lag between Q fever cases and the number of births of the three-toed sloths (Figure 2 ). The lag of the correlation varies between 1 and 2 months. The extreme lag of 2 months may depend on the route of transmission of C. burnetii to humans, and also be due to delays in the serological diagnosis of Q fever, for which diagnosis can only be done several weeks after the beginning of symptoms. Also, three-toed sloths live in the hills of rainforest next to houses in Cayenne, and the streaming of water after rainfall may help to bring down aerosols of C. burnetii in the plain of Cayenne where most houses are located. The limitation of our study is that in the absence of new data about the reproduction of three toed-sloths in French Guiana, we used historical data 6 with the assumption that the reproductive behavior of the animal has not changed through the years. The correlation of whelping with the rainy season in three-toed sloths is supported by another study showing differences in the physical characteristics of semen of sloths between rainy and dry season, and the frequent observation of females with little young on their backs during the rainy season in Manaus, Brazil. 8 This whelping seasonality is not observed in other species of sloths present in French Guiana, for example, in the two-toed sloth, 6 which is the reservoir of Leishmania guyanensis.
The second peak of Q fever cases observed in January is not correlated with the observed whelping period of three-toed sloths. However, C. burnetii DNA had also been detected in ticks infesting a three-toed sloth. Further studies are needed to investigate the role of arthropods or unknown intermediate hosts in the epidemiological cycle of Q fever in French Guiana.
A few studies have been published on the seasonality of Q fever, 4, 9, 10 and only one study has been reported from tropical environments. In Queensland, Australia, Harris and others found a clear seasonal peak of Q fever cases in May, 3 months following a peak in rainfall in February. 11 The authors note that the rainfall season in this region is correlated with the time of parturient wildlife and with an increase in the marsupial population (Kangaroos and Wallabies), which are potential reservoirs of the disease. In French Guiana, the hypothesis of a wild reservoir has rapidly emerged, but large survey on wild mammals had remained negative for years. 3 The recent detection of C. burnetii DNA in three-toed sloths 5 and the observed seasonal correlation with their whelping period brings new support for the hypothesis that this animal is the wild reservoir of Q fever in French Guiana. Further case-control studies about exposure to three-toed sloths of Q fever patients in Cayenne are needed.
